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Monolayers of Adipate Polyesters at Air-Liquid Interfaces ^ 

Wendell M. Lee, Robert R. Stromberg, and J. Leon Shereshefsky -' 

(June 13, 1962) 

The surface pressure-area isotherms at 24.5 °C are reported for poly (ethylene adipate), 
poly(trimethylene adipate), and poly (propylene adipate), spread as monolayers at air- 
aqueous interfaces. The monolayers were spread on distilled water and 0.01 N HCl, using 
benzene, chloroform, and acetone as spreading solvents. Poly (propylene adiptate) was the 
least compressible of the three, and poly (ethylene adipate) the most. Poly (propylene 
adipate) did not collapse at the highest pressures studied. The spreading characteristics of 
both poly (ethylene adipate) and poly (propylene adipate) were independent of the amount 
of material used. The spreading of poly(trimethylene adipate) appeared to depend upon 
the spreading solvent. The effect of structure on the surface pressure — area isotherms and 
the specific areas for each polymer are discussed. 



1. Introduction 

The monolayor properties of a series of linear 
succinate polyesters, with a number-average molecu- 
lar weight (M„) of the order of 4,500, at air-aqueous 
interfaces were* recently reportcnl |1]. It was shown 
that tlie monolayer of poly (ethylene succinate) 
was highly expanded l)ut that it collapsed at very 
low surface pressures. Poly(pentaniethylene suc- 
cinate) monolayers were also expanded. They did 
not collapse with increasing pressure, but the surface 
compressibility went through a maximum and con- 
tinued to decrease as the pressure increased. An 
isomer of this pol3'mer, poly(neopentyl succinate), 
produced a much less expanded film which collapsed 
at a surface pressure higher than that observcnl for 
collapse or pressure decrease* for tlie other two 
polymers. It also gave the smallest extrapolated 
specific area per repeating unit. Other work has been 
reported on polyesters by Harkins, Carmen, and 
Ries [2] and Moss [3]. 

The work re])orted in this paper is concerned with 
a surface film balance study of three linear saturated 
polyesters of adipic acid at the liquid-air interface. 

2. Experimental Procedure 

The polyesters used in this investigation were: 
poly (ethylene adipate) [-0(CH.>)20CO(CHo)4CO-]„ 
polv(trimethvlene adipate) [-0(CH2)30CO(CH2)4CO-],, 
and poly(propylene adipate) [-OCH(CH3)CH20CO 
(CH2)4CO-];i. These polymers were prepared by Dr. 
James Farr, Jr., of the Thiokol Chemical Company 
and were synthesized from the melt without catalyst. 
They were purified byreprecipitation from chloroform 
solution witli ethyl ether and ih'wd in vacuum. 
Some of tlu^ bullv ])ro])(*i'ties of these polymers are 
given in table 1. 

The film balance used to study the monolayers of 
the spread films has been described previously [1]. 
The water used as a subphase was redistilled from an 
all-quartz system. The spreading solvents were 
twice distill(*d and tested for active impurities by 

1 This work was supported under a project sponsored by the Bureau of Naval 
Weapons, Department of the Navy. 

2 Howard University, Washington, D.C. 



measurements of the surface pressure of the solvent 
alone. The polymer solutions were spread from 
micropipets and 10 min usually allowed for solvent 
evaporation. The average time of an experiment 
was 1 hr. All measurements were made at 24.5 
±0.5 °C. 

Table 1 . Bulk properties 



Polymer 


Soften- 
ing 
point 


Molecu- 
lar 
weight 


Bulk 
density 
at.,27 °C 


Phvsical state 
at:23 °C.b 


Poly (ethylene adipate) 

Poly(trimcthylene adipate) 

Poly (propylene adipate) 


51 
40 


3800 
4000 
5400 


g/cm^ 
1.3 
1.3 
1.2 


Crystalline 
Crystalline 
Viscous liquid 









a M„, number average molecular weight determined from^supi^lied end group 
analysis, 
b Crystallinity detected by X-ray diffraction. 

3. Results 

Tlie monolaycM' properties of poly(ethylene adipate) 
spread from benzene and chloroform on the two 
substrates are given in figures 1 and 2. The surface 
pressure in dynes per centimeter is shown as a func- 
tion of the specific area of the polymer (area per 
unit weight) . All of the runs shown in figure 1 were 
obtained using benzene as the spreading solvent. 
Extrapolation of the hnear portion of the curve 
drawn gives a limiting specific area of 2.6 mVnig. 
In order to obtain the entire isotherm 30.36X10"^ 
mg of polymer was used for the region of high surface 
pressure and 5.50X10"^ mg for the region of low 
surface pressure and large area. Both regions were 
reproducible as shown by duplicated experiments. 
The two regions overlapped ancl a smooth continuous 
isotherm was ol)tained. 

The avadable area of the balance for hiitial 
spreading of the film was of the order of SOO cm'^. 
Using the specific surface area, the largcM* (luaiitity 
of polymer corresponds to an area of ap])i'oximateiy 
790 cm^ and the smaller to an area of approximately 
145 cm^. The isotherm was, therefore, iiulependent 
of the quantity of material used over this I'clatively 
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Figure 1. Surface pressure-area isotherm of poly (ethylene 
adipate) spread from benzene at 24- -i: 0.5 °C. 

Distilled water subphase O, • 30.36X10-3 mg. 

n,B 5.50X10-3 mg. 

0.01 iV HCl subphase A 30.36X10-3 mg. 

wide range, which included a quantity near the 
maximum capacity of the balance. The absence of 
any change in the isotherm with quantity of mate- 
rial spread suggests that the films were completely 
spread and existed as monolayers. The use of 0.01 
N HCl with a pH of 2 resulted in the same isotherm 
as the use of distilled water with a ^H of 6.5. The 
collapse pressure of the fihns spread from benzene 
was 11.1 dynes per cm, as shown by figure 1. A 
quantity of polymer intermediate between the two 
amounts described above also resulted in the same 
isotherm as those spread from benzene, as shown 
in figure 2. Films spread from chloroform on 
distilled water also yielded the identical isotherm, 
but the collapse pressure was slightly higher, 12 
dynes per cm. 

The isotherm of poly (propylene adipate) spread 
from chloroform on distilled water is shown in 
figure 3. The properties for very dilute surface 
concentration were not studied for this film. The 
extrapolated specific area at zero surface pressure 
was 2.2 mVmg. Films of this polymer did not 
collapse. Two quantities were again used to obtain 
different portions of the isotherm. These two sec- 
tions overlapped and a smooth isotherm resulted. 
The spreading characteristics were, therefore, not 
dependent on the quantity of material deposited, 
within this range. The larger quantity, 29.94X10"^ 
mg, corresponded to an area of approximately 660 
cm^ at zero surface pressure, while the smaller 
quantity corresponded to one-half this amount. 
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FiGUEE 2. Surface pressure-area isotherm of poly (ethylene 

adipate) on distilled water at 24:i^0.5 °C. 

Spread from benzene D 17.51X10-3 mg. 

Spread from chloroform O, • 12.12X10-3 mg. 

This independence on the amount of polymer 
suggests that the films were monolayers. 

Poly(trimethylene adipate) was sensitive to the 
spreading solvent. Films spread from benzene on 
0.01 A^ HCl subphase exhibited the surface charac- 
teristics shown by curve A in figure 4. A limiting 
area of 3.1 m^mg was obtained from this isotherm. 
The quantity of polymer spread, 5.47X10"^ mg, 
corresponds to an area of approximately 170 cm^, 
and because of the small quantity should represent 
a completely spread film. 

The effect of the spreading solvent on the charac- 
teristics of the film is shown by isotherm B in figure 4. 
Polymer was spread from acetone solution in two 
different quantities onto a distilled water subphase. 
In one case 50X (X=10"^cni^) and in the other, lOOX 
were spread, using the same concentration of solu- 
tion. Within the experimental error, both quantities 
resulted in the same isotherm, with a smaller specific 
area. The isotherm showed no signs of expansion 
to higher specific areas for the smaller quantity of 
solution spread. Repeat runs for both quantities 
resulted in the reproducible isotherm shown in 
figure 4. The fact that the maximum spreading 
area for the isotherm with the smaller amount of 
polymer was twice as large as that for the larger 
amount of polymer appears to indicate the spreading 
of the polymer with this solvent was complete. 
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Figure 3. Surface pressure-area isotherm of poly (propylene 
adipate) on distilled water spread from chloroform at 2Jj-.5 
±0.5 °C. 

O, 29.94X10-3 mg. 
D, 14.95X10-3 mg. 

4. Discussion 
4.1. Physical Properties 

In table 2 are given values for the thickness of the 
monolayers, the energies of compressing the films to 
cohapse or tlie point of inflection, and compressi- 
bilities. The approximate thicknesses of the films 
were calculated from the bulk density and the 
limiting specific area of the completely spread film. 
As seen in table 2 they are within the range of 3 to 
4 A and are of a reasonable thickness for monolayers. 
They fall in approximately the same range as did 
the succinate polyesters [1], and indicate that these 
polyesters lie relatively flat on the surface. Integra- 




AREA, m2/mg 

Fi(;uRE 4. Surface pressure-area isotherm, of poly (trim ethyl- 
ene adipate) at 2Jf.±.0.5°C. 
Curve A Spread from benzene on 0.01 iVHCl subphaso 
O, • 5.47X10-3 mg. 
Curve B Spread from aeelono solution on to distilled water subphase 
n, • 23.39X10-3 mg. 
■, A 11.70X10-3 mg. 

tion of tlie area under the isotherms from very large 
segment areas to tlie point of collapse for poly- 
(etliylene adipate) and to the point of inflection for 
poly (propylene a(lij)ule) gives the energy to compress 
the film to a position of unstability. Tlie energies 
shown in table 2 are rather high, one being of the 
order of 700 and the other 800 cal/niohVsegment. 
For the succinate polyesters studied previously [1], 
only poly(neopentyl succinate) gave an energy above 
700, as shown in table 2. Poly (ethylene succinate) 
gave an energy of 349, and poly(pentaniethylene 
succinate) an energy of 568 cal/mole/segment. The 
compressibilities given in labh* 2 were calculated 
from the equation: 

where K is the compressibility, Aq the extrapolated 
spe^^ific area at zero surface pressure, and Ai the 
specific area at surface pressure tti. 



Table 2 





Extrap- 
olated 
specific 
area 


Area per segment 


Energy to 
compress 
film to 
collapse, 
cal mole-' 
segment-' 


Compres- 
sibility 




Polymer 


Calculated 


Observed 


Thickness 
at 7r=0 


Poly(ethylene adipate) 


m-lmq 
2.6" 
2.2 
3.1 
2.3 
2.9 
2.0 


A^ 
67 
67 
74 
55 
74 
60 


^2 

75 
68 
98 
60 to 70 
90 
63 


716 
807 

""349" 
568 
734 


cmldyne 

0.067 
.048 
.058 
.11 
.056 
.028 


A 
3.0 


Poly (proi)y Icne adipate) 

Poly (trimcthy leiie adipate) 

Poly (ethylene si!c 'inate) » 

Poly (pentametbylene su ccinate) » 

Poly(neopentyl succinate)** 


3.8 
2.7 
3.1 
2.9 
3.9 



a Reference [1]. 
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4.2. Compressibility 

The coinpressibility values for all the polyesters 
studied, except for poly(ethylene succinate) [1], are 
in the range observed for linear polyesters, such as 
the self ester of the hydroxydecanoic acid studied 
by Harkins, Carmen, and Ries [2], and poly (vinyl 
acetate) films studied by Ries, Ahlbeck, and Gabor 
[4]. The latter polymer contains the ester groups as 
side chains. 

The compressibility data for the adipate mono- 
layers and the succinate monolayers, as reported 
previously, point to the general observation that the 
compressibility of the monolayer decreases with the 
number of carbon atoms in the glycol and acid 
groups and also with the arrangement of these groups. 

Second, it is to be observed that the polyesters 
witli the lower number of carbon atoms between the 
carboxylic groups liave greater compressibilities than 
those with large numbers, as evidenced by comparison 
of the compressibilities of poly (ethylene succinate) 
with poly (ethylene adipate) . Similarly the compress- 
ibilities of polyesters containing the ethylene glycol 
grouping have greater compressibilities than those 
having segments of longer glycols. This is evidenced 
by a comparison of poly (ethylene adipate) witli 
poly(trimethylene adipate) as well as a comparison 
of poly(ethiylene succinate) with polylpentamethyl- 
ene succinate). 

Third, it appears that dift'erences in the arrange- 
ment of the carbon atoms in the glycol chain also 
affects tlie compressibility. Thus, poly (propylene 
adipate) and poly(trimethylene adipate) differ in 
their compressibilities in that the branched three 
carbon group has a lower compressibility than tlie 
straight cliain arrangement. Similar behavior is 
observed in a comparison of poly(neopentyl suc- 
cinate) with poly(pentamethylene succinate). 

The spreading of polymer films has been shown by 
others [2, 5] to be independent of molecular weiglit. 
Crisp [5] has shown that polymer films are completely 
spread when the specific areas are reproducible and 
independent of the solvent or solution concentration 
over a moderate concentration range. The spreading 
of both poly(etiiylene adipate) and poly (propylene 
adipate) were independent of the quantity of ma- 
terial spread, over the concentration range studied, 
as sliown in figures 1 to 3. As completely spread 
films are assumed to be independent of molecular 
weight, the surface pressure was plotted as a function 
of the area of the repeating structural unit. Such 
isotherms for the three polyesters are given in figure 
5. Experimental points from different runs are given 
on each curve, except those of poly(triniethylene 
adipate) spread from acetone. 

There is a large difference in the isotherm of 
poly (ethylene adipate), as shown in curve C, figure 5, 
and that of poly(eth3dene succinate) (fig. 5, ref. 1). 
The increase in tlie length of the repeating unit by 
the addition of two methylene groups in the acid 
changed the collapse pressure from approximately 4 
dynes/cm for the succinate to approximately 12 
dynes/cm for the adipate polymer. This is very 
likely due to the greater freedom of orientation of 
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Figure 5. Surface pressure-area isotherms of linear saturated 
polyesters on aqueous subphases at 21^.5^0.5 °C 
Curve A Poly(trimethylene adipate) 
Curve B Poly (propylene adipate) 
Curve C Poly(ethylene adipate) 

the carbonyls in the interface, resulting in a higher 
vertical component of the dipole. The extrapolated 
segment area for the adipate polymer is 75 A^ and 
60 to 70 A^ for the succuiate polymer. These values 
are somewhat larger than the minimum calculated 
from molecular models. 

The monolayer properties of poly(trimethylene 
adipate) spread from benzene, curve A, are similar 
to those of poly (ethylene adipate), curve C, at 
moderate surface pressures. At all surface pressures 
studied the segment areas are larger for the poly- 
(trimethylene adipate) than for the poly(ethylene 
adipate). The extrapolated segment area of 98 j^ 
is 23 jA larger than the value obtained for the 
poly(ethylene adipate) which is in good agreement 
with the cross-sectional area of a long chain hydro- 
carbon, as established by monolayer measurements. 

5. Summary 

Differences in the surface pressure — area isotherms 
of the three adipate polyesters studied were found 
to be related to differences in the chemical structure. 
Large differences were also observed between these 
polyesters and succinate polyesters studied previ- 
ously. A large difference was observed between the 
observed and the calculated specific area for the 
repeating unit of poly(trimethylene adipate). As 
in the case of the succinate polyesters, one of the 
adipate polyesters studied did not collapse at high 
pressures. 
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Correction 

In the July- August 1962 issue of this Section, the abstract for the paper Low 
Temperature Thermometry, R. P. Hudson, Book, Experimental Cryophysics, 
pp. 214-253 (Butterworth & Co., London, England, 1961), was presented incor- 
rectly. The following abstract refers to this paper: 

The principal methods for thermometry in the range 1°K to 
90° K are critically reviewed, the discussion covering the 
physical principles involved, types of apparatus, and factors 
determining the attainable precision and accuracy. Supple- 
mentary data are provided in tables, some within the body 
of the article and others in appendices to the volume of 
which the article constitutes a chapter. 

Selected Abstracts 

Spark-gap fiashover measurements for steeply rising voltage 
impulses, J. H. Park and H. N. Cones, NBS J. Research 66C 
{Eng. & Instr.) No. 3, 197 {Juli/Sept. 1062). 
Dividers made up of special thin ribbon resistors with very 
low time constants were used for measuring linearly rising 
chopped impulses with peak voltages up to 300 kv and times 
to sparkover from 0.03 to 50 microseconds. Total errors were 
deduced by a combination of computation and experimenta- 
tion to be probably not greater than 1.5 percent for times to 
sparkover greater than 0.1 microsecond. 

From a large number of oscillograph records data were derived 
giving a relation between rate of rise (or rise time) and flash- 
over voltage for (1) 12.5 cm diameter spheres spaced 6 cm 
apart, (2) 25 cm diameter spheres spaced (i cm, and (3) uniform 
field electrodes spaced 5 cm. It is recommended that the 
volt-time curve showing these relations for the 25 cm diameter 
spheres be used as a reference standard for interlaboratory 
comparison of nKuisurement methods. 

A furnace for thermocouple calibrations to 2,200° C, D. B. 

Thomas, NBS J. Research 66C (Eng. cfc histr.) No. 3, 
265 (July-Sept. 1962). 

A tantalum tube furnace has been constructed to calibrate and 
investigate the thermoelectric behavior of high temperature 
thermocouples. The furnace and its associated (npiipment 
were designed with emphasis on features that would assure a 
high degree of accuracy in measurements that are made at 
high temperatures and also with emphasis on trouble-free 
performance. Data that were obtained during furnace 
operation showed that thermocouple depth of immersion into 
a properly designed blackbody is of considerable importance 
if a good agreement is to be realized between a calibrated 
optical pyrometer and a calibrated thermocouple that has 
been placed in the hot zone of the furnace. High purity 
helium gas can be used in the furnace to keep thermocouple 
contamination to a minimum. 

Method of measuring emissivities of metals in the infrared, 

A. G. Maki and E. K. Plvler, NBS J. Research 66C (Eng. cfc 
Instr.) No. 3, 283 (July-Sept. 1962). 

A method of measuring normal spectral emissivities in the 
infrared region from 1 to 13 /x is described. It consists of 
comparing the rate of emission of radiant energy from a 
blackbody with that from the specime!i. The two observed 
radiances are made equal by adjusting the temperatures. 
An equation is derived for use in calculating the emissivity 
for the observed temperatures. The nuiin sources of error 
arise in the measurement of the temperature of the specimen 
and the temperature of the bhick})ody. As an example of the 
method, the nornud spectral emissivity of gold has been 
measured in th(^ spectral range from 4 to 13 m with tempera- 
tures from 550 to 1,000 °K. The emissivitv was found to 
range from 0.014 at 4 ^l and 550 °K to 0.0256 at 9 /x and 
1,000 °K. A table is included which lists the values of emis- 
sivitv from 4 to 13 M and from 550 to 1,000 °K at intervals of 

50 °k. 



Tables of spectra-line intensities. Part I. Arranged by 
elements, W. F. Meggers, C. H. Corliss, and B. F. Scribner, 
NBS Mono. 32, Pt. I (Dec. 29, 1961) $4.00. 
The relative intensities, or radiant powers, of 39,000 spc^ctral 
lines with wavelengths l)etween 2000 and 9000 Angstroms 
have been determined on a uniform energy scale for seventy 
chemical elements. This was done by mixing 0.1 atomic 
percent of each element in powdered copper, pressing the 
powder-mixture to form solid electrodes which were burned 
in a 10 ampere 220 volt direct-current arc, and photographing 
the spectra with a stigmatic concav^e grating while a step 
sector was rotating in front of the slit. The sectored spectro- 
grams facilitated the estimation of iiHcnsities of all eh'ment 
lines relative to copper lines which were then calibrated on an 
energy scale provided by standardized lamps and all esti- 
mated line intensities were finally adjusted to fit this calibra- 
tion. Comparisons with other intensity measurements in 
individual spectra indicate that the National Bureau of 
Standards spectral-line intensities may have average errors of 
20 percent, but first of all they provide uniform cjuantitative 
values for the severity chemical elements commonly deter- 
mined by spectrochemists. These data are i)resented by 
element in part I and all 39,000 ol)served lines are given in 
order of wavelength in part II. 

Analysis of coaxial two-terminal conical capacitor, M. C. 

Selby, NBS Mono. 46 (Apr. 6, 1962) 20 cents. 
Adjustable capacitors having electrodes in the form of coaxial 
cones or frustums ha\^(^ been used on rare occasions in the 
past; but their potential superiority to other types of capaci- 
tors for some important applications have been overlooked. 
The advantag(^ of this geometry over cylindrical or disk forms 
is that the practical capacitance range is several timers larger. 
An example cites the capacitance ranges of a disk, cylindrical, 
and conical type to be 10, 40, and 108 to one, res|)ect ively. 
An approximate equation was derived for this conical capaci- 
tor and close agreement is shown between computed and 
measured values of capacitance versus electrode displacement. 
Multiple cone and different shape electrodes are suggested to 
obtain large values of capacitance with an appreciable saving 
of space and further increased range of capacitance. Th(^ 
electric field is plotted and its construction steps for axial 
synnnetry are given. 

Dissociation constant of 2-ammonium-2-methyl-l, 3-pro- 
panediol in water from to 50° and related thermodynamic 
quantities, II. B. lletzer and W. G. Bates, ./. Bhiis. Chrni. 66, 
308-311 (1962). 

The base 2-amino-2-methyl-l,3-propanediol, like the closely 
related compound tris-(hydroxymethyl)-aminomethan(;, is a 
solid substance of considerable use as a biological buffer ma- 
terial. The acidic dissociation constant, /sTi^h, of the substi- 
tuted ammonium ion conjugate to tlie free base now has been 
determined at 11 termi)erMtures from to 50° by measurement 
of the electromotive* force of hydrogen-silver chloride cells 
without liquid junction. The results are given as a function 
of the temperature (7') in °K. bv the equation — log /Vbh = 
2952.00/7'-2.2652 + 0.()()390927\ ^ The standard changes of 
free energy, enthal])y, entro})y and heat capacity for the dis- 
sociation process have l)een calculated from the temperature 
coefficient of the dissociation constant. For the acidic dis- 
sociation of 2-ammonium-2-methyl-l,3-propanediol at 25°, 
the following results were obtained: A (j^ = 50,238 j. mole~S 
A//« = 49,860 j. mole-i, AS^=-1.S j. deg.-^ mole-i, and 
ACp^=— 45 j. deg.~i mole~^ For the basic dissociation of 
2-amino-2-methyl-l,3-propanediol at 25°, the corresponding 
quantities are AGo = 29,656 j. mole-i, A/^o = 672() j. mole-i, 
A8o=-76.9 j. deg.-i mole-i, and ACpO=-150 j. deg.-^ 
mole~^ 

Study of electronically excited hydroxyl radicals in the H + O3 
atomic flame, H. P. Broida, J. Cheni. Phijs. 36, No. 2, 444~ 
448 (Jan. 1962). 
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Ultraviolet emission of the A^X+—>X^lli transition of OH 
has been observed in low-pressure flames of hydrogen atoms 
and ozone. In these flames, at pressures near 1 mm Hg, the 
intensity of this uv emission was found to be directly propor- 
tional to the square of the intensity of the rotation-vibration 
bands in the electronic ground state, ^lli. Under similar 
conditions, reactions of hydrogen atoms with oxygen atoms 
or with hydroxyl radicals were found to give too little emis- 
sion to account for the observed radiation. It is concluded 
that collisions of two vibrationally excited OH radicals, ^H,, 
lead to the electronically excited radicals, 22+. Approxi- 
mately 500 photons are emitted by all the vibrationally 
excited radicals iv=l to 9, ^II^) for each photon emitted in the 
electronic transition A 22+-^ X ^n^.. Steady state partial 
pressures of vibrationally excited OH, ^lli, are estimated to 
be 10~^ mm Hg for a total flame pressure of 1 mm. 

Theory of thermal diffusion in dilute alloys, R. E. Howard 
and J. R. Manning, J. Chem. Phys . 36, No. 4, 910-916 (Feb. 
1962). 

A kinetic analysis is made of the thermal diffusion of a dilute 
impurity in an f.c.c. metal. Expressions are derived for the 
impurity current, the steady-state Soret gradient, and the 
mean atom displacement. It is shown how the ''heats of 
transport" appearing in these expressions can be studied ex- 
perimentally. An extension of the analysis to cases of non- 
thermal type gradients, in particular, a chemical concentra- 
tion gradient, is briefly considered. 

Hydrogen formation in the gamma-radioiysis of ethylene, P. 

Ausloos and R. Gorden, Jr., J . Chem. Phys. 36, No. 1, 5-9 
{Jan. 1962). 

The radiolysis of ethylene-(i2 and C2H4-C2D4 mixtures has 
been investigated in the gas, liquid, and solid phases. The 
data indicate that hydrogen may be formed by two distinct 
molecular-elimination processes: CH2CH2-^CH2C + H2 and 
CH2CH2-^CH = CH + H2. The effect of xenon and pressure 
on the yields of H2, HD, and D2 in the gas-phase radiolysis of 
CH2CD2 has been investigated. The results for the (2Pi)Hg- 
sensitized and the 1237 A-photochemical decomposition have 
been compared with those for radiolysis. 

Impurity effects in high purity metal, L. L. Wyman and G. A. 
Moore, (Symp. Major Effects of Minor Constituents on the 
Properties of Materials. Sixty-fourth Annual Meeting 
ASTM, Atlantic City, N.J. June 26, 1962), ASTM Spec. 
Tech. Publ No. 304— ASTM Materials Sci. Series 2, 3-16 
{June 26, 1961). 

Obtaining metals of the highest possible degree of purity is a 
problem of major concern in both science and engineering. 
The determination of impurities, their effects, and control, 
demand extreme efforts in processing and analysis. Impuri- 
ties in metals are characterized by the nature of their occur- 
rence and their effects on host metals. Specific examples 
illustrate impurity effects in a number of currently important 
applications. 

Vibration-rotation interactions in cyanamide; the question of 
planarity of amides, D. R. Lide, Jr., J . Mol. Spectroscopy 8, 

No. 2, 142-152 {Feb. 1962). 

The cyanamide molecule is approximated by a simple model 
which allows for a large-amplitude out-of-plane vibration of 
the NH2 group. The kinetic energy of this model is derived, 
and the quantum-mechanical problem is formulated. Per- 
turbation expressions suitable for the case w^here there is a 
potential hump in the planar configuration are given. Some 
of the consequences of the vibration-rotation interactions are 
discussed. 

Vacuum ultraviolet photochemistry. III. Primary processes 
in the vacuum ultraviolet photolysis of water and ammonia, 

J. R. McNesbv, I. Tanaka, and H. Okabe, J. Chem. Phys. 
36, No. 3, 605-607 {Feb. 1962). 

Water and ammonia have each been photolyzed in the ab- 
sence and presence of C2D4 which served to scavenge H 
atoms. Wavelengths used were: for ammonia, 1849 and 
1236 A; for water, 1236 A. Under conditions where H 
atoms are efficiently scavenged by C2D4, the production of 
Ho signifies a primary photochemical process giving molecular 



H2 directly. It is found that at 1849 A, ammonia decomposes 
almost entirely to H + NH2. At 1236 A, two primary proc- 
esses are observed. 

NHs-^Ho + NH, (a) 

NH3->H + NH2. (b) 

Process (a) is about \ as probable as process (b). At 1236 A, 
the photolysis of water proceeds via two primary processes. 



H2O- 
HoO- 



►H + OH, 
^H. + O. 



(cj 
(d) 



The probability of process yc) being three times that of process 
(d). It is suggested that primary process (d) constitutes a 
reasonable photochemical mechanism for hydrogen formation 
in the earth's upper atmosphere. 

Accuracy of analytical procedures, W. J. Youden, /. Assoc, 
Official Agricultural Chemists 45, No. 1, 160-173 {Feb. 1962). 
Most analytical chemistry procedures are expected to give 
correctly, except for random analytical errors, the amount 
present. This means that if the amounts found are plotted 
against the amounts present, the points should He closely 
along the line y = x where y is the amount found for a mate- 
rial containing amount x. Some procedures may recover 
only a constant percentage of the amount present and the 
best fitting line would be of the form y=bx. Other proce- 
dures may be subject to a constant error and the appropriate 
line would correspond to the equation y=a-\-x. A simple 
statistical technique is described that may be used to ascer- 
tain whether the data constitute evidence that the theoretical 
line, y = x, does not adequately represent the relationship 
between the amount taken and the amount found. 
Some remarks on round robins are included. 

Other NBS Publications 

Journal of Research 66B (Math. & Math. Phys.) No. 2 (Apr.- 
June 1962) 75 cents. 

Hindsight technique in machine translation of natural lan- 
guages. I. Rhodes and F. L. Alt. 

An extension of Jensen's theorem for the derivative of a 
polynomial and for infrapolynomials. O. Shisha. 

Two matrix eigenvalue inequalities. S. Haber. 

Graphs for determining the power of Student's Mest M. 
C. Croarkin. 

Journal of Research 6B (Math. & Math. Phys.) No. 3 (July- 
Sept. 1962) 75 cents. 

The first run preceded by a quota. A. J. Goldman and 
B. K. Bender. 

Two theorems on matrices. Morris Newman. 

Mill's ratio for multivariate normal distributions. I. R. 
Savage. 

Angle as a fourth fundamental quantity. J. E. Romain. 

Invalidity of Meixner's theorem in irreversibile thermo- 
dynamics. R. E. Nettle ton. 

Selected bibliography of statistical literature, 1930 to 1957: 
VI. Theory of estimation and testing of hypotheses, sam- 
pling distributions, and theory of sample surveys. L. S. 
Doming. 

Journal of Research 66C (Eng. & Instr.) No. 3 (July-Sept. 
1962) 75 cents. 

Measurement of longitudinal spherical aberration in the 
extra-axial region of lenses. F. E. Washer and W. R. 
Darling. 

Spark-gap flashover measurements for steeply rising voltage 
impulses. J. H, Park and H. N. Cones. (See above 
abstracts.) 

Evaporated-film electric hygrometer elements. F. E. Jones. 

Methods of measuring the resistivities of anisotropic con- 
ducting media in situ. S. Rush. 

Corrosion of steel pilings Id soils. M. Romanoff. 

Corrosion rates of ferrous alloys (Fe-Cr and Fe-Cr-Si) 
measured by polarizatior technique. W. J. Schwerdtfeger. 

A furnace for thermocouple calibrations to 2,200 °C. D. B. 
Thomas. (See above abstracts.) 



444 



Total hemispherical emittaiice of coated and uncoated luconel 

and types 321 and 430 stainless steel. J. C. Richmond 

and W. N. Harrison. 
''Mail Separator" control computer preliminary logical 

design. S. Henig and E. C. Palasky. 
Method of measuring emissivities of metals in the infrared. 

A. G. Maki and E. K. Plyler. (See above abstracts.) 

Journal of Research 66D (Radio Prop.) No. 5 (Sept. Oct. 
1962) 70 cents. 

Theory of magneto-telluric fields. J. R. Wait. 
Propagation characteristics of magneto-ionic plasma columns. 

D. Formato and A. Gilardini. 
Dielectric loading of electric dipole antennas. J. Galejs. 
Possible influence of the ionosphere on the impedance of a 

ground-based antenna. J. R. Wait. 
Some statistical theory for the analysis of radio propagation 

data. M. M. Siddiqui. 
Auroral sporadic-^/ ionization. R. D. Hunsucker and L. 

Owren. 
Comparative study of the correlation of seasonal and diurnal 

cycles of transhorizon radio transmission loss and surface 

refractivity. B. R. Bean. 
Enhancement of the lunar tide in the noon critical frequency 

of the F2 layer over the magnetic equator. R. G. Rastogi. 
Scattering from a conducting sphere embedded in a semi- 
infinite dissipative medium. J. Galejs. 
High-frequency scattering from a coated sphere. V. H. 

Weston and R. Hemenger. 
Propagation of spherical waves through an ionosphere 

containing anisotropic irn^gularities. K. C. Yeh. 



Radiation patterns in the lower ionosphere and Fresnel zones 
for elevated antennas over a spherical earth, R. G. Merrill 
and W. V. Mansfield, NBS Mono. 38 (April 2, 1962) 
70 cents. 

Effect of exposure site on weather resistance of porcelain 
enamels exposed for three years, D. G. Moore and A. 
Potter, NBS Mono. 44 (April 10, 1962) 15 cents. 

Fire tests of precast cellular concrete floors and roofs, J. V. 
Ryan and E. W. Bender, NBS Mono. 45 (April 12, 1962) 
15 cents. 

An ultraviolet multiplet table, C. E. Moore, NBS Circular 
488, Sections 3, 4, and 5 (April 6, 1962) Section 3, ()0 
cents; Section 4, 45 cents; Section 5, 30 cents. 

Mean electron density variations of the quiet ionospluu-e — 
September 1959, J. W. Wright, L. R. Wescott, and D. J. 
Brown, NBS Tech. Note 40-7 (PB151399-7) (1962) $1.50. 

Mean electron density variations of the quiet ionosphere 
No. 13; Sunnnary of one year of data. May 1959 — April 
1960, J. W. Wright, NBS Tech. Note 40-13 (PB151399-13) 
(1962) $1.50. 

Bibliography on auroral radio wave propagation, W. Nupen, 
NBS Tech. Note 128 (PB161629) (1962) $2.75. 

Airborne television coverage in the presence of co-channel in- 
terference, M. T. Decker, NBS Tech. Note 134 (PB161635) 
(1962) $2.00. 

lonosonde observations of artificially produced electron clouds: 
Firefly 1960, J. W. Wright, NBS Tech. Note 135 (PB161636) 
(1962) $2.50. 

Some problems of fatigue of bolts and bolted joints in air- 
craft apphcations, L. Mordfin, NBS Tech. Note 136 
(PB161637) (1962) $1.25. 

A bibliography of the thermophysical properties of oxygen 
at low temperatures, J. C. Hust, L. D. Wallace, J. A. 
Crim, L. A. Hall, and R. B. Stewart, NBS Tech. Note 
137 (PB161638) (1962) $2.25. 

Vertical cross sections of the ionosphere across the geomag- 
netic equator, J. W. Wright, NBS Tech. Note 138 
(PB161639) (1962) $1.00. 

Siting criteria for HF communication centers, W. F. Utlaut, 
NBS Tech. Note 139 (PB16H)40) (1962) $1.25. 

Atlas of Fourier coefficients of diurnal variation of fo^2, W. B. 
Jones, NBS Tech. Note 142 (P1M61643) (1962) $2.50. 

Numerical results for the surface impedance of a stratified 
conductor, C. M. Jackson, J. R. Wait, and L. C. Walter, 
NBS Tech. Note 143 (PB161644) (1962) $1.25. 



Cryogenic temperature measurement with platinum resist- 
ance thermometers — Is fixed-point calibration adequate? 
R. J. Corruccini, NBS Tech. Note 147 (PB161648) (1962) 
50 cents. 
An introduction to flame photometry and a review of recent 
studies, M. Margoshes, Plivs. Tech. Biological Research 4, 
215-260 (1962). 
Congruences for the ])artition function to composite moduU, 
M. Newman, Illinois J. Math. 6, No. 1, 59 ()3 (Mar. 1962). 

Research and the saving of teeth, (J. C. Paifenbarger, J. 
Prostetic Dentistry 13, No. 2, 369-383 (Mar.-Apr. 19()2). 

Displacement and strain-energy distribution in a longitudi- 
nally vibrating cyhndrical rod with a viscoelastic coating, 
P. Hertelendy, J. Appl. Mech. Trans. ASMI^] *^9, Series E, 
No. 1, 47-52 (Mar. 1962). 

Properties of silico-phosphate cements, J. N. Andc^rson and 
G. C. Paffenbarger, Dental Progress 2, No. 2, 72-75 (Jan. 
1962). 

Comments on paper by W. D. WestfaU, ''Prediction of VLF 
diurnal phase changes and solar flare effect," J. R. Wait, 
J. Geophys. Research 67, No. 2, 916-917 (Feb. 1962). 

The shape of the geomagnetic field boundary under uniform 
external pressure, R. J. Slutz, J. Geophys. Research 67, 
No. 2, 505-513 (Feb. 1926). 

Plating standards and specifications, F. Ogburn, Electro- 
plating Eng. Ilandb. 2d. ed., Ed. K. Graham, ch. 7, p. 257- 
262 (Reinhold Publ. Co., New York, N. Y., 1962). 

Surface effect on bond strength of steel beams embedded in 
concrete, J. O. Bryson and R. G. Mathey, J. Am. Concrete 
Inst. 59, No. 3, 397-406 (Mar. 1962). 

Inequalities for the permanent function, M. Marcus and M. 
^ Newman, Ann. Math. 75, No. 1, 47-62 (Jan. 1962). 

Effect of jnonomeric reagents on th(^ melting (contraction) 
and recrvstallization of fibrous proteins, L. Mandelkern, 
W. T. Meyer, and A. F. Diorio, J. Pliys. Chem. 66, 375-376 
(1962). 

A correction to the exospheric electron density estimate using 
the nose whistlers of March 19, 1959, J. 11. Pope, J. 
Geophys. Research 67, No. 1, 412 (Jan. 1962). 

Investigation of the spectropho to metric method of measuring 
the ferric ion yield in the ferrous sulfate dosimeter, K. 
Scharf and R.*^ M. Lee, Radiation Research 16, No. 2, 
115-124 (Feb. 1962). 

Microwave spectrum and nonplanaritv of cvanamide, D. J. 
Millen, G. Topping, and D. R. Lide*, Jr., J. Mol. Spectros- 
copy 8, No. 2, 153-163 (Feb. 1962). 

Long-distance one-hop F\ propagation through the auroral 
zone, L. H. Tveten, J. Geophys. Research 66, No. 6, 1683- 
1684 (June 1961). 

Preparation of and electroplating of uranium, D. E. Couch, 
Plating 49, No. 4, 363-367 (Apr. 1962). 

Tensile strength and modulus of elasticity of tooth structure 
and several restorative materials, R. L. Bowen and M. S. 
Rodriguez, J. Am. Dental Assoc. 64, No. 3, 378-387 
(Mar. 1962). 

Vacuum microbalance techniqu(\s, R. F. Walker, Editor, 
Volume 2, 179 pages, Proc. Conf. at the National Bureau of 
Standards, Apr. 20-21, 1961 (Plenum Press, New York, 
N. Y., 1962). 

First pulsed radio soundings of the topside of the ionosphere, 
R. W. Knecht and T. E. Van Zandt, J. Geophys. Research 
66, No. 9, 3078-3081 (Sept. 1961). 

Cryogenics and nuclear physics, R. P. Hudson, Science 134, 
1733-1736 (Dec. 1961). 

Vacuum ultraviolet photochemistry. II. Photolysis of ethyl- 
ene, H. Okabe and J. R. McNesby, J. Chem. Phys. 36, 
No. 3, 601-604 (Feb. 1962). 

Experimental study of the stark broadening of the balmer 
lines H7, W. L. Wiese. D. R. Paquette, and J. E. Solarski, 
Proc. Fifth Intern. Conf. Ionization Phenomena in Gases, 
Munich, pp. 907-912 (North Holland Publ. Co., Amster- 
dam, The Netherlands, 1961). 

Internal magnetic fields in nickel-rich nickel-cobalt alloys, 
L. H. Bennett and R. L. Streever, Jr., J. Appl. Phys. 
Suppl. 33, No. 3, 1039-1094 (Mar. 1962). 

Strong blast weaves in spherical, cvlindrical and plane shocks, 
D. L. Jones, Phys. of Fluids 4, "No. 9 (Sept. 1961). 

Approximations to the moments of the sample median, M. 
M. Siddiqui, Ann. Math. Stat. 33, No. 1, 157-168 (Mar. 
1962). 
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Kinetic equation for plasmas with collective and collisional 
corr€;lations, C. M. Tchen, Proc. Fifth Conf. on Ionization 
Phenomena in Gases, Munich, pp. 825-841 (North Holland 
Publ. Co., Amsterdam, The Netherlands, 1961j. 

Plasma with net charge, J. L. Jackson, D. B. Levine, and R. 
A. Piccirelli, Phys. of Fluids 5, No. 2, 250-251 (Feb. 1962;. 

Solubility product phenomena in hydroxypatite-water sys- 
tems, H. M. Rootare, V. R. Deitz, and F. G. Carpenter, 
J. Colloid. Sci. 17, No. 3, 179-206 (Mar. 1962). 

Worldwide patterns of ionospheric blackout occurrence, V. 
Agv and K. Davies, J. Atmospheric and Terrest. Phys. 
23; 202-205 (Dec. 1961). 

Fluorescence and rotational relaxation of OH radicals in 
flames, T. Carrington, Eighth Symp. (Intern.) on Com- 
bustion, pp. 257-262 (The Williams & Wilkins Co., Balti- 
more, Md., 1960). 

Refraction effects of large-scale ionospheric irregularities ob- 
served at Boulder, Colorado, R. S. Lawrence and J. L. 
Jespersen (Proc. 2d Intern. Space Science Svmp., Florence, 
Italy, Apr. 10-14, 1961), Space Research II, 258-276 (North 
Holland Publ. Co., Amsterdam, The Netherlands, Apr. 
1961). 

Physical properties of 113 domestic marbles, A. Hockman, 
Architectural Record, pp. 192-193 (Apr. 1962). 

On the nature of equatorial slant sporadic E, R. Cohen, 
K. L. Bowles and W. Calvert, J. Geophvs. Research 67, 
No. 3, 965-972 (Mar. 1962). 

A survey of carbon-carbon bond lengths, D. R. Lide, Jr., 
Tetrahedron 17, 125-134 (1962). 

I. Strange sounds in the atmosphere, R. K. Cook, Sound-Its 
Uses and Control 1, No. 2, 12-16 (Mar- Apr. 1962). 

An aluminum magnet cooled with liquid hydrogen, J. R. 
Purcell, Proc. Intern. Conf. on High Magnetic Fields, 
Mass. Inst. Tech., Cambridge, Mass., Nov. 1-4, 1961, pp. 
166-169 (Mass. Inst. Tech. Press, Cambridge, Mass., and 
John Wiley & Sons, Inc., New York, N.Y., 1962). 

Possible solar flare effects in the F region of the ionosphere, 
R. W. Knecht and K. Davies, Nature 192, No. 4800, 347- 
348 (Oct. 1961). 

Microwave structure determinations on tertiary butyl acety- 
lene and tertiary butyl cyanide, L. J. Nugent, D. E. Mann, 
and D. R. Lide, Jr., J. Chem. Phys. 36, No. 4, 965-971 

' (Feb. 1962). 

Static dielectric constant of rutile (TiOa), 1.6-1060 °K, R. A. 
Parker, Phys. Rev. IM, No. 6, 1719-1722 (Dec. 1961). 

Translational energy accommodation in the nickel-chlorine 
surface reaction, J. D. McKinley, J. Phys. Chem. 66, 554- 
555 (Mar. 1962). 

Auroral-zone geomagnetic micropulsations with periods of 
5 to 30 seconds, W. H. Campbell and S. Matshushita, J. 
Geophys. Research 67, No. 2, 555-573 (Feb. 1962). 

Some problems of color identification, K. L. Kelly, J. Am. 

L Inst. Architects 37, No. 3, 80-82 (Mar. 1962). 



Lorentz corrections in rutile, R. A. Parker, Phys. Rev. IM, 
No. 6, 1713-1719 (Dec. 1961). 

Some observations of 2.89 Mc/s equivalent antenna tempera- 
tures at the auroral zone, C. G. Little, G. M. Lerfald, and 
R. Parthasarathy, J. Atmospheric and Terrest. Phys. 23, 
275-286 (Dec. 1961). 

The structure of regions of coronal-line emission, J. T. 
Jefferies, C. W. Pecker, and R. N. Thomas, Astrophys. 
J. 135, 653-655 (Mar. 1962). 

A digital ray-tracing program for ionosphere research, R. S. 
Lawrence and D. J. Posakony, (Proc. 2d Intern. Space 
Science Symp., Florence, Italy, Apr. 10-14, 1961), Space 
Research 11, 258-276 (North Holland Publ. Co., Amster- 
dam, The Netherlands, Apr. 1961). 

Electrical properties of nonstoichiometric semiconductors, 
J. H. Becker and H. P. R. Frederikse, J. Appl. Phys. Suppl. 
33, No. 1, 447-453 (Jan. 1962). 

Pulsed radio soundings of the topside of the ionosphere in 
the presence of spread F, R. W. Knecht and S. Russell, J. 
Geophys. Research 67, No. 3, 1178-1182 (Mar. 1962). 

Recent studies on rutile (TiOa), H. P. R. Frederikse, J. Appl. 
Phys. Suppl. 32, No. 10, 2211-2215 (Oct. 1961). 

The resistive transition in MbsSn, D. Cline, R. H. Kropschot, 
V. Arp, and J. H. Wilson, Proc. Intern. Conf. on High 
Magnetic Fields, Mass. Inst. Tech., Cambridge, Mass., 
Nov. 1-4, 1961, pp. 580-583 (Mass. Inst. Tech., Press 
Cambridge, Mass., and John Wiley & Sons, Inc., New 
York, N.Y., 1962). 

Electronic conduction in rutile (Ti02), H. P. R. Frederikse, 
W. R. Hosier and J. S. Becker, Proc. Intern. Conf. Semi- 
conductor Phys., Prague, Czechoslovakia, pp. 868-871 
(1960). 

Structure and photodetachment spectrum of the atomic 
carbon negative ion, M. L. Seman and L. M. Branscomb, 
Phys. Rev. 125, No. 5, 1602-1608 (Mar. 1962). 

Modulated photoelectric measurement of vibration, V. A. 
Schmidt, S. Edelman, E. R. Smith and E. T. Pierce, J. 
Acoust, Soc. Am. 34, No. 4, 455-458 (Apr. 1962). 

A high mode tunable cavity for microwave-gas interactions, 
A. J. Estin, Rev. Sci. Instr. 33, 369-371 (Mar. 1962). 

Propagation of the low frequencv radio signal, J. R. Johler, 
Proc. IRE 50, 404-427 (Apr. 1962). 



"^Publications for which a price is indicated (except for 
Technical Notes) are available only from the Superintendent of 
Documents, U.S. Government Printing Office, Washington 25, 
D.C. {foreign postage, one-fourth additional). Technical Notes 
are available only from the Office of Technical Services, U.S. 
Department of Commerce, Washington 25, D.C. {order by PB 
number). Reprints from outside journals and the NBS 
Journal of Research may often be obtained directly from the 
authors. 
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